Background/Aims: In this study, we investigated the effect of post-surgical parenteral nutrition on patients with gastric cancer (GC) and its possible mechanism. Methods: A total of 108 patients were invited to assess for eligibility and 28 patients were excluded. The eighty patients were randomized to either a study group (1 L peripheral intravenous nutrition, 700 kcal) or a control group (1 L isotonic electrolyte solution). Parenteral nutrition was started on day 1 post-surgery and maintained for 4-8 days. Levels of albumin (ALB), prealbumin (PAB), hemoglobin (Hb) were measured before and after treatment. Self-rating Scale of Life Quality (SSLQ) and Quality of life (QoL) was assessed to analyze the patients' quality of life. Psychological status was evaluated using both the Hospital Anxiety and Depression Scale (HADS-A/D) and the Patient Health Questionnaire-9 (PHQ-9). Immune function was evaluated by flow cytometric analysis of the levels of CD3+, CD4+, and CD8+ cells. Results: Following post-surgical parenteral nutrition, the levels of ALB, PAB and Hb were significantly higher in the study group than those in the control group. QoL and SSLQ scores were also significantly increased, while HAD-A/D and PHQ-9 scores were significantly reduced. Furthermore, the percentages of CD3+ and CD4+ cells, but not CD8+ cells, as well as the CD4+/CD8+ ratio were significantly increased in the study group. There were no significant differences in these parameters between the control and study group prior to surgery. Conclusion: The results suggest that post-surgical parenteral nutrition can significantly improve the nutritional and psychological status, QoL, and immune function of patients treated surgically for GC.
China) [1] . Due to the low 5-year survival rates, treatment of GC is a significant challenge [2, 3] .
Many cases of GC are diagnosed at an advanced stage, when the disease can be complicated by impaired absorption of essential nutrients. Thus, patients with advanced GC, and particularly those treated surgically, are at increased risk of malnutrition, which impacts negatively on immune system function, tumor recurrence and metastasis [4] . Malnutrition in patients is associated with adverse clinical outcomes such as increased period of hospitalization and poor prognosis as well as a reduction in the quality of life (QoL) and psychological status of patients [5, 6] .
Nutritional support, which can be delivered via the oral, enteral (gastrointestinal) or parenteral (intravenous) is recommended for patients with GC at high risk of malnutrition [7] . Parenteral nutrition is an invasive therapy that provides intravenous nutritional support for individuals without who do not have adequate gastrointestinal functions, such as those with advanced GC [8] . In patients with advanced cancer, parenteral nutrition has been shown to improve nutritional and functional status as well as quality of life (QoL), irrespective of the tumor type [9] ; however, the mechanisms underlying these effects remain to be fully elucidated.
The immune dysfunction has been reported to be aggravated by surgical trauma [10] . The activities of CD3+, CD4+, and CD4+/CD8+ are frequently used to evaluate the immune function [11] . It has been reported that CD4+ and CD8+ cells show synergistic functions in humoral and cellular immunity, effectively maintaining cellular immune function [12] [13] [14] . CD4+ could increase the differentiation of B cells to generate antibodies, whereas CD8+ could decrease the differentiation of T cells and production of antibodies [12] . Therefore, the number of CD3+, CD4+ and CD8+ cells were evaluated between the two groups.
In this study, we investigated the effect of post-surgical parenteral nutrition on patients undergoing gastrointestinal tract surgery for GC and the possible mechanism underlying these effects.
Materials and Methods

Ethics approval and consent to participate
The study protocol was reviewed and approved by our Institutional Ethical Committee. The nature and purpose of the study were explained to the subjects and a written informed consent form was signed by all participants before inclusion. All procedures were performed in accordance with the Declaration of Helsinki (1975, revised 1983) .
Patients and study design
Patients scheduled for elective major gastrointestinal tract surgery for GC were enrolled in the study. A total of 108 patients were invited to participate and assessed for eligibility. After excluding individuals who did not meet the inclusion criteria (n = 22) or who declined to participate (n = 6), eighty patients were randomized to either a study group (1 L peripheral intravenous nutrition, 700 kcal) or a control group (1L isotonic electrolyte solution). Parenteral nutrition was started on day 1 post-surgery and maintained for 4-8 days (4 days for 2 patients, 5 days for 8 patients, 6 days for 7 patients, 7 days for 10 patients and 8 days for 13 patients) according to the clinical stability of the patient.
Exclusion criteria were: (1) preoperative enteral or parenteral nutrition support; (2) organ failure (renal, respiratory, heart, liver); (3) diabetes mellitus type 1 or 2; (4) ongoing infection; (5) biological evidence of inflammation and/or sepsis; (6) current treatment with corticosteroids, nonsteroidal antiinflammatory or immunosuppressive drugs; (7) contraindications for parenteral nutrition (any state of shock, serum lactate >3-4 mmol/L, hypoxia (pO 2 < 50 mmHg), severe acidosis (pH < 7.2, pCO 2 > 80 mmHg). 
Nutritional surveillance
Blood samples were drawn and laboratory variables (albumin (ALB), prealbumin (PAB), hemoglobin (Hb)) were measured before and after the administration of parenteral nutrition.
Quality of Life
In the present study, QoL rating scale and Self-rating Scale of Life Quality (SSLQ) were used to evaluate patients' quality of life before and after the administration of parenteral nutrition. QoL was measured using the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC-QLQC30). The EORTC QLQ-C30 (version 3.0) is a multidimensional validated cancer-specific measuring method that consists of 30 questions: 15 domains include 5 functional scales (physical functioning (PF); social functioning (SF); emotional functioning (EF); role functioning (RF) and cognitive functioning (CF)), 3 symptom scales (fatigue, pain and nausea/vomiting), 6 single items (appetite loss, dyspnea, diarrhea, insomnia, constipation and financial difficulties), and global health status or QoL scale. Patients rate their functional scales and symptom scales using a 4-point scale (1, not at all; 2, a little; 3, quite a bit and 4, very much). The global health status is evaluated using a 7-point Likert scale (ranging from 'poor' to 'excellent'). All of the scales and single-item measures range from 0 to 100, with a higher score indicating a higher QoL. The QoL scores were calculated according to the scoring manual [15] .
SSLQ was a widely used scale of life quality for in-patient with carcinoma in China [16] . There are 24 items with 4 alternative answers in each item. For example, "my understanding of cancer: A, treatable; B, hopeful cure; C, basically an incurable disease; and D, incurable disease." The patient chooses the answer according to his or her own experience. The scores were recorded as 4, 3, 2 and 1 for A-D, respectively. The total scores for all 24 questions were used as an indicator of quality of life.
Psychological status
Psychological distress was evaluated using the 14-item Chinese version of the Hospital Anxiety and Depression Scale (HADS), which uses a four-point (0-3) Likert scale to assess responses to two seven-item subscales that assess anxiety (HADS-Anxiety) and depression (HADS-Depression). The possible range of scores for each subscale is 0-21, with higher scores indicating greater levels of anxiety or depression. The Chinese version of both subscales HADS-Anxiety (Cronbach's α = 0.86) and HADS-Depression (Cronbach's α = 0.82) demonstrate good psychometrics [17] . All measurements were obtained at baseline, except for the HADS-A and HADS-D scores, which were assessed at both baseline and 3 months post-baseline. Sociodemographic data including age, marital status, education level, occupation, and family income were also collected during the interview. Medical data were collected from medical records.
Mood was assessed with the use of both the Hospital Anxiety and Depression Scale (HADS) and the Patient Health Questionnaire-9 (PHQ-9). The 14-item HADS is used to screen for symptoms of anxiety (HADS-A) and depression (HADS-D) in the previous week. Subscale scores range from 0, indicating no distress, to 21, indicating maximum distress; a score higher than 7 on either HADS subscale is considered to be clinically significant [17] .
The PHQ-9 is a tool that allows criteria-based assessment of depression based on the responses to a self-administered nine-item module [18] . Each of the items is scored on the incidence of depressive symptoms from 0 (not at all) to 3 (nearly every day); thus, the severity of depression is scored in the range from 0 to 27.
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Immunological parameters
The immune function of patients was evaluated by flow cytometric analysis of the levels of CD3+, CD4+, and CD8+ cells.
Statistical analysis
Statistical analyses were performed with the use of SPSS software, version 16.0 (SPSS). Descriptive statistics were used to estimate the frequency and mean ± standard deviation (SD) of the study variables. Differences between study groups in baseline characteristics and clinical outcomes were assessed using the two-sided Fisher's exact tests and chi-square tests for categorical variables and independent-samples. Student's t-tests were used to analyze continuous variables. Multivariate linear regression analyses adjusted for baseline scores were used to examine the effect of early palliative care on QoL outcomes. P < 0.05 was considered to indicate statistical significance.
Results
Comparison of demographic variables of control and study groups
A flow diagram of the study protocol is presented in Fig. 1 . Patients' demographic data are presented in Table 1 . A total of 80 patients were recruited into the study. The patients were randomly assigned to the control and study groups (n = 40 in each group). The control group comprised 11 women (27.5%) and 29 men (72.5%), with a mean age of 62.4 years ± 5.35 years. The study group comprised 10 women (25.0%) and 30 men (75%), with a mean age of 63.6 ± 5.28 years. There were no significant differences in sex, age, hospitalization period, education, surgical procedures (total and subtotal gastrectomy) and degree of comprehension of illness between the two groups.
Effect of post-surgical parenteral nutrition on nutritional status of patients with GC
To determine the effects of post-surgical parenteral nutrition on the nutritional status of the patients with GC, the levels of ALB, PAB and Hb analyzed in blood samples obtained before and after treatment ( Fig. 2A-2C , respectively). There were no significant differences in ALB, PAB and Hb levels between the control and study groups before treatment. However, after parenteral nutrition, the levels of ALB, PAB and Hb were significantly higher in the study group compared with those in the control group (P < 0.05). 
Effect of post-surgical parenteral nutrition on quality of life of patients with GC
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The effects of post-surgical parenteral nutrition on quality of life were analyzed by determining the QoL and SSLQ scores (Fig. 3A and 3B, respectively) . Analysis of the QoL and SSLQ scores showed that there were no significant differences between the control and study groups before the intervention. After parenteral nutrition, QoL and SSLQ scores were significantly higher in the study group compared with those in the control group (P < 0.05).
Effect of post-surgical parenteral nutrition on psychological status of patients with GC
The effects of post-surgical parenteral nutrition on the psychological status of patients were evaluated using both the Hospital Anxiety and Depression Scale (HADS-A and HADS-D) and the Patient Health Questionnaire-9 (PHQ-9). Compared with the control group, significant reductions in the HAD-D ( Fig. 4A ; P < 0.01), HAD-A ( Fig. 4B ; P < 0.05) and PHQ-9 ( Fig. 4C ; P < 0.01) scores were observed in the study group.
Effect of post-surgical parenteral nutrition on immune function of patients with GC
The effects of post-surgical parenteral nutrition on immune function were investigated by flow cytometric analysis of the proportions of CD3+ (Fig. 5A), CD4+ (Fig. 5B), CD8+ (Fig.  5C ) and CD4+/CD8+ (Fig. 5D ) populations in PBMC isolated from blood samples obtained after treatment. The results showed that the percentages of CD3+ and CD4+ were significantly increased after parenteral nutrition compared to those in the control group (both P < 0.05), Fig. 2 . Effect of parenteral nutrition on nutritional status of patients with GC.To determine the effects of parenteral nutrition on the nutritional status of the patients with GC, the levels of (A) albumin (ALB), (B) prealbumin (PAB) and (C) hemoglobin (Hb) analyzed in blood samples obtained before and after treatment. ns, no significant difference; *P<0.05.
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Discussion
In this study, we investigated the effect of post-operative parenteral nutrition in patients with gastric cancer scheduled for elective major gastrointestinal tract surgery. We found that parenteral nutrition significantly improved the nutritional status and immune function of these patients. Furthermore, this strategy was associated with improved psychological status and QoL, indicating the benefits of parenteral nutrition for patients treated surgical for advanced GC.
It has been well acknowledged that malnutrition always results in immunosuppression.
Consequently, parenteral nutrition or parenteral nutrition combined with enteral nutrition is necessary to maintain the nutritional status for patients with advanced cancer, including gastric cancer [19, 20] , during oncologic treatment to improve nutritional and functional status, QoL and prognosis [21] . Although increasing evidence suggests that early enteral nutrition (EEN) is better than parenteral nutrition in severe injury or other post-operative cancer treatment, no significant difference was found in EEN and parenteral nutrition after total gastrectomy in patients with gastric cancer [22] . Hence, parenteral nutrition is the only option for patients with advanced GC who are not suitable for oral or enteral nutritional support. However, the exact mechanism underlying the parenteral nutrition is still unclear. Therefore, in the present study, we explored the effects of post-surgical parenteral nutrition on patients with gastric cancer, as well as the potential mechanism(s).
A total of 80 patients who met the inclusion criteria were finally included. Among the 80 patients, there were no significant differences in sex, age, hospitalization period, education, surgical procedures and degree of comprehension of illness between the study and control groups, which implied the comparable results. Next, we assigned these patients to study or control group. Thereafter, nutritional or immune indicators were compared before and/ or after the parenteral nutritional. As shown in the results, we found that there were no significant differences in ALB, PAB and Hb levels between the control and study groups prior to treatment, suggesting the similar nutritional status among the patients. However, the levels of ALB, PAB and Hb were significantly higher in the study group compared with [9] . QoL has become a critical outcome for evaluating the treatment effects in cancer patients [23] . In addition, the prevalence of anxiety and depression are often described in the cancer patients. Therefore, we further addressed the question whether post-operative parenteral nutrition has benefit effects on QoL and psychological status of patients. The results demonstrated that there were no significant differences in QoL and SSLQ scores between the study and control groups prior to the intervention. However, after the administration of post-operative parenteral nutrition, the QoL and SSLQ scores were both significantly higher in the study group, indicating the benefits of this intervention on the QoL of these patients. Similarly, significant reductions in the HAD-D, HAD-A and PHQ-9 scores in the study group compared with those in the control group provide evidence that parenteral nutrition improves the psychological status of patients.
In combination, these results clearly indicated that parenteral nutrition not only improves the nutritional status of patients with GC following major gastrointestinal tract surgery, but also offers benefits in terms of improved psychological status and QoL. However, the mechanism underlying the positive effects is unclear. It has been well acknowledged that the development, maintenance, and response of the immune system are affected by nutrition [24] . Achieving the established requirements for consumption and supply is a significant nutritional strategy for optimizing immunity [25] . Severe nutritional inadequacie of required nutrients may typically impair the host immunity and resistance to disease. Leukocytes, especially T lymphocytes, however, are very sensitive to marginal deficiencies of several essential nutrients [25] . Therefore, in this study, we investigated the effect of parenteral nutrition on immunity by monitoring the levels of CD3+, CD4+ and CD8+ cells in the peripheral blood of patients before and after the intervention. The results showed that the percentages of CD3+ and CD4+ were significantly increased after parenteral nutrition compared to those in the control group, while there was no significant difference in the percentage of CD8+ cells between the two groups. Furthermore, there was a significant increase in the ratio of CD4+/CD8+ in the study group compared to that in the control group. These observations indicate that parenteral nutrition enhances CD4+ T cell immune responses, which may be involved in the beneficial effects of this intervention in GC patients. However, further studies are required to fully elucidate the effects of parenteral nutrition on immunity. Nevertheless, 
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previous studies have shown that modification of the composition of parenteral nutrition may be a suitable approach to improving post-operative clinical outcomes in patients with GC. For instance, a recent study showed that high-calorie/protein supplementation with the immune-modulating diet was able to maintain the nutrition and immune status of patients with GC [26] . Furthermore, a study conducted in a population of elderly patients who underwent surgery for GC showed that the combination of enteral and parenteral nutrition was superior to either early enteral nutrition or total parenteral nutrition in promoting the recovery of immunity [27] . Thus, modification of the nutrient composition or combining routes of administration may be effective approaches to improving post-operative clinical outcomes in patients with GC.
The limitations of this study should be noted. Although we measured the effects of parenteral nutrition on markers of nutritional status, we did not evaluate changes in physiological factors such as body weight and body mass index, as well as different domains that might affect the patients' health status. In addition, further studies are required to confirm and validate our results indicating that parenteral nutrition enhanced CD4+ T cell immune responses and also to validate our findings in other populations.
In conclusion, our results show that post-surgical parenteral nutrition can significantly improve the nutritional status and immune function in patients with GC.
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